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摘要 
由于工业化进程的加快，大量工业废水的不合理排放对水环境造成了巨大危
害，水体中重金属（如铬）的污染更是严重影响动植物及人类的健康。本论文针
对水体中 Cr(VI)离子的去除分别采用层层自组装法和一步法制备了锌铝水滑石/
氧化石墨烯（ZnAl-LDHs/GO）纳米复合材料。并对合成的纳米复合材料进行了
表征，系统性研究了用不同方法制备的 ZnAl-LDHs/GO 纳米复合材料对水体中
Cr(VI)离子的去除效果以及吸附机理。 
本文分别采用改良的 Hummers 法和尿素法制备氧化石墨烯（GO）和锌铝
水滑石（ZnAl-LDHs）。通过 XRD、FT-IR 和 TEM 等表征表明，成功制备出了
褶皱状的 GO 和正六边形的 ZnAl-LDHs。并探讨了不同的制备条件对类水滑石吸
附性能的影响，最优制备条件为 Zn/Al 摩尔比为 2:1，合成温度为 105oC，晶化
温度为 95 oC，晶化时间为 24 h，此时，ZnAl-LDHs 对的 Cr(VI)离子最大吸附容
量为 34.27 mg/g。 
通过层层自组装（layer-by-layer self-assembly, LBL）的方法合成了锌铝水滑
石/氧化石墨烯（LDHs/GO-LBL）纳米复合材料。采用 FT-IR、TEM、XRD 等技
术对所制得的 LDHs/GO-LBL 纳米复合材料进行表征分析，发现 LDHs/GO-LBL
微观形貌是纱状的 GO 和无定形片状的 ZnAl-LDHs 相互交替插层在一起。探索
了 ZnAl-LDHs 的剥离时间、溶液初始 pH 和 Cr(VI)初始浓度对水体中 Cr(VI)离子
去除效果的影响。结果表明，LDHs/GO-LBL 纳米复合材料对水体中 Cr(VI)离子
的最大去除率为 94.13%。对吸附过程的动力学和等温线进行研究，发现
LDHs/GO-LBL 纳米复合材料对 Cr(VI)离子的吸附过程符合准二级动力学模型，
吸附等温线更符合 Freundlich 模型。 
采用一步法（one-pot method，OPM）合成了锌铝水滑石 /氧化石墨烯
（LDHs/GO-OPM）纳米复合材料。通过 FT-IR、TEM、XRD、Raman 等表征发
现，LDHs/GO-OPM 的微观结构是两种带相反电荷的纳米片层层交替的堆叠在一
起。将 LDHs/GO-OPM 纳米复合材料应用于水体中 Cr(VI)离子的去除，考察了
GO 含量、Cr(VI)初始浓度、反应温度以及初始 pH 对水体中 Cr(VI)离子去除效
果的影响，结果表明在温度为室温，GO 质量分数为 6%，Cr(VI)的初始浓度为
厦
门
大
学
博
硕
士
论
文
摘
要
库
摘要 
II 
 
50 mg/L，溶液初始 pH 为 3，投加量仅为 1.0 g/L 的优化条件下，LDHs/GO-OPM
纳米复合材料对 Cr(VI)离子的吸附量高达 48.56 mg/g。还考察了溶液中共存物对
吸附效果的影响，结果表明 LDHs/GO-OPM 纳米复合材料对 Cr(VI)离子的去除
过程受其它共存物质影响较小，仅有个别的阴离子会抑制 Cr(VI)的去除。此外，
还对去除反应过程的动力学、热力学和反应机理进行了研究，该过程更符合准二
级动力学模型，吸附等温线符合 Freundlich 模型；结合 FT-IR 和 XPS 表征推断
的吸附机理为 Cr(VI)离子与吸附剂表面官能团之间产生络合作用和化学吸附，以
及层间阴离子的交换，并且 LDHs/GO-OPM 纳米复合材料中各组分对 Cr(VI)离
子吸附具有协同作用。 
 
关键字：氧化石墨烯；水滑石；纳米复合材料；吸附；六价铬 
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Abstract 
With the accelerated process of industrialization, the massive and unreasonable 
emission of industrial waste water causes enormous harm to the environment.The 
pollution of heavy metals such as chromium has serious impact on the surrounding 
flora and fauna as well as human life and health. In view of this problem, this study 
prepared ZnAl layered double hydroxides and graphene oxide (ZnAl-LDHs/GO) 
nanocomposites through layer by layer self-assembly anda one-pot hydrothermal 
methods. The materials were characterized, and the mechanisms of adsorption were 
explored, in addition, the effects of ZnAl-LDHs/GO nanocomposites prepared by two 
methods on the removal of Cr(VI) ions in aqueous solution were investigated. 
Graphene oxide (GO) was synthesized using a modified Hummers method, and 
ZnAl-LDHs was prepared by urea method.The results of XRD、FT-IR and TEM 
showed that the wrinkled GO andhexagonal ZnAl-LDHs were well prepared, and the 
effects of different conditions on adsorption capacity of ZnAl-LDHs were studied. 
The results showed that the maximum adsorption capacity was 34.27 mg/g when 
Zn/Al molarratio was 2:1, synthesis temperature of 105 oC, crystallization temperature 
of 95 oC and ageing time of 24 hours. 
LDHs/GO-LBL nanocomposite was prepared via layer by layer self-assembly 
technique. The microstructure of LDHs/GO-LBL was the GO and ZnAl-LDHs 
stacked in alternating sequence which was characterized by FTIR, TEM, XRD and 
other techniques.The LDHs/GO-LBL nanocomposites were applied in the removal of 
Cr(VI) in water and parameters such as the exfoliated time of ZnAl-LDHs, initial 
Cr(VI) concentration, and pH for Cr(VI) removal were investigated. The results 
showed that the maximum removal rate of Cr(VI) on LDHs/GO-LBL nanocomposites 
was 94.13%. In addition, the adsorption process followed pseudo-second-order kinetic 
model and Freundlich isotherm. 
LDHs/GO-OPM nanocomposite was fabricated through a one-pot hydrothermal 
method. Characterizations such as FTIR, TEM, XRD, Raman and other techniques 
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showed that in the obtained LDHs/GO-OPM nanocomposite two kinds of oppositely 
charged nanosheets which were stacked face-to-face in alternating sequence. The 
LDHs/GO-OPM nanocomposites were applied in the removal of Cr(VI) in aqueous 
solution and parameters such as the mass fraction of GO, initial Cr(VI) concentration, 
temperature and pH for Cr(VI) removal were investigated. The results indicated that a 
maximum adsorption capacity of 48.56 mg/g was achieved on LDHs/GO-OPM 
contains6.0% of GO, pH 3.0, Cr(VI) solution with initial concentration of 50 mg/L, 
and room temperaturewith 1.0 g/L dosage. In addition, the influence of coexisting 
substances on Cr(VI) removal was studied. Cr(VI) removal by LDHs/GO-OPM less 
influenced by most coexisting substances, only particular anions could suppress Cr(VI) 
removal. And the adsorption process followed pseudo-second-order kinetic model and 
Freundlich isotherm. As suggested by FT-IR and XPS analysis, a possible adsorption 
mechanism was that the adsorbents and Cr(VI) ions occurred surface complexation or 
chemical sorption and synergistic contribution from eachcomponents in 
LDHs/GO-OPM nanocomposites enhanced Cr(VI) adsorption capacity. 
 
Keywords:graphene oxide; layered double hydroxide; nanocomposites; adsorption; 
chromate 
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第一章文献综述 
1 
第一章文献综述 
1.1 水体中铬的污染现状及危害 
水是自然界生物赖以生存的根本，更是人类发展不可或缺的资源。随着全球
经济的迅猛发展和人口的快速增长，相应的工业废水和城市污水的排放量也在不
断增多，环境污染严重，尤其是水资源污染正在威胁着周边动植物以及人类的健
康和生存安全[1]。 
我国的水资源总量充裕，河川、湖泊等水源占国土总面积的 0.8%，拥有约
28000 亿立方米的淡水资源，占全球淡水资源总量的 6%，居世界第 6 位。虽然
淡水总量大，但由于我国是一个人口大国，人均只有约 2050 立方米，不到世界
人均拥有量的 1/4，是世界上 13 个贫水国家之一[2]。值得注意的是我国的水资源
具有南多北少，东多西少的特点，严重缺水地区也有增多的趋势，目前全国 670
个城市中 300 多个都出现了不同程度的缺水现象，我国居民的年均用水量严重不
足[3]。前些年我们只看到了经济的快速、人民生活水平的提高，却忽略了工业废
水大量排放的严重后果。而且生产生活中产生的废水被人们肆意排放到河流、湖
泊、海洋中，污染问题日益严重，十大水系中，辽河、淮河、黄河、海河等流域
都有 70%以上的河段受到污染。全国城市水域都受到了不同程度的污染，尤其是
工业较发达城镇，水污染更为严重，不仅仅是地表水被污染，现在地下水也或多
或少的受到污染，对饮用水水源调查发现，近 70%都不符合国家规定的基本标准，
居民饮用水基本符合卫生标准的只有 23%[4]。水资源的污染加剧了我国水资源短
缺的矛盾，为有效缓解水资源危机，保障经济社会持续平稳发展，对水资源的保
护已经迫在眉睫。这就要求大众要增强自身对水资源保护的意识，政府各级也应
重点开展水资源保护工作。近年来，水体污染事件频发，其中尤为严重的是重金
属污染，这是因为重金属污染物在环境中毒性大而且不易代谢，还易通过食物链
不断地富集和扩大，严重危及周边的生态环境和人类健康[5]。 
在环境污染领域中，重金属主要是指汞，镉，铅，铬，砷等毒性大的元素[6]。
虽然重金属对生物体有毒，但它们也是化工、金属冶炼、电镀、轮船制造等行业
的重要原料，而且农业生产中的杀虫剂和生活用品中也都含有多种重金属[7]。科
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